Nitrosation of 3-alkyl-1-arylureas was investigated with sodium nitrite in 99% formic acid or with isoamyl nitrite in chloroform. The preparation of 3-alkyl-1-aryl-1-nitrosoureas was effectively performed by using isoamyl nitrite in the absence of acids, since the 1-nitrosoureas were isomerized to the 3-nitroso isomers by acids. The carbon-13 nuclear magnetic resonance and infrared spectral properties of the products were examined and their structural features are discussed.
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We recently reported1) on the chemical properties of novel trisubstituted N-nitrosoureas. 3,3-Diethyl-1-(4-tolyl)-1-nitrosourea (1b) decomposed to give the triazene (2b) and the nitro compound (3) in chloroform or carbon tetrachloride at room temperature, while the 2-tolyl derivative (la) gave mainly the triazene (2a) under similar conditions. The reaction of nitrosoureas to give the triazenes is of interest because several derivatives of 3-alkyl-1 -phenyltriazenes and 3,3-dialkyl-1-phenyltriazenes have been reported to show antitumor activity.2) Therefore, we examined whether 3-alkyl-1-aryltriazenes were produced or not by the decomposition of 3-alkyl-1-arylnitrosoureas (4, 5) .
A number of reports have dealt with the antitumor activities and the chemical properties of 1,3-dialkylnitrosoureas. [3] [4] [5] In a study of the nitrosation of 3-alkyl-1-phenylureas, Johnston et al. 5 ) obtained a mixture of 1-nitrosoureas and the 3-nitroso isomers. Kamiya and co-workers6-8) described the synthesis and decomposition of 1,3-diaryl-1-nitrosoureas and related compounds. However, there are few data on the chemical properties of 3-alkyl-1-ary1-1-nitrosoureas, especially 3-methyl-l-phenyl-1-nitrosourea (4c), because of the difficulty of its isolation. In the nitrosation of 3-methyl-1 -phenylurea (9c), the 3-nitrosourea (6c) is produced overwhelmingly and the desired 1-nitrosourea (4c) can not be obtained by the ordinary method using sodium nitrite and acids. In this paper, we wish to present the preparation and properties of 3-alkyl-1-aryl-1-nitrosoureas and related compounds.
Preparation of Nitrosoureas
N-Nitrosoureas (4 7) and N-nitrosoacetanilides (8) were prepared by nitrosation of the corresponding ureas (9, 10) and acetanilides, respectively. The ureas (9, 10) as starting materials were prepared by the reaction of aryl isocyanates with alkylamines or anilines with alkyl isocyanates in ether. Since the nitroso compounds were unstable at room temperature, they were quickly purified by silica gel column chromatography with a mixture of n-hexane and ether under cooling.1)
The nitrosation of 1-aryl-1-isopropylureas (10) with sodium nitrite and 99% formic acid examine their 1,3-rearrangement. As shown in Fig. 1 , both the 3-isopropyl derivatives (5b and 7b) were converted smoothly to their isomers (7b and 5b) in the presence of an excess of formic acid. The 1,3-rearrangement in each case is first-order within the first 15 min. The rate conformation preferentially adopted is a form twisted between the aromatic ring and the N1-ureido nitrogen. This suggestion is supported by the 13C-NMR data. We have determined the conformation of the 1-aryl-1-nitrosoureas at low temperature by using 13C-NMR.12) These compounds have a conformation in which the aryl ring is twisted against the ureido group and the NO group is in the E relationship to the C =O moiety.
The C2 or C6 signal of the phenyl ring in the 3-nitrosoureas (6, 7) appears at higher field than those of the 1-nitrosoureas (4, 5), as shown in Table II . The 13C-NMR data indicate that the phenyl-N1 bond is more highly conjugated in the 3-nitrosoureas than in the 1-nitroso isomers, in agreement with the IR data. Further, the chemical shifts of the CO carbon in the 3-nitrosoureas are also observed at higher field than those of the corresponding 1-nitrosoureas. The conformation of the nitrosoureas (4 7) was identified by comparing the chemical shifts with those of 1-methyl-3,3-(pentanediy1)-1-nitrosourea (only E form) and 1-isopropy1-3,3-(pentanediy1)-1-nitrosourea (a mixture of E and Z forms).12) The NO group is in the E relationship to the CO group in both the 1-nitrosoureas and the 3-nitroso isomers, in other TABLE II. 13C-Chemical Shifts") (ppm) of Nitrosoureas (4-7), Ureas (9, 10), Nitro Compounds (11, 12) and Carbamates (21) words, the NO group of the 1-nitrosoureas is directed toward the aryl ring and that of the 3-nitroso isomers is directed toward the N3-alkyl group.
Decomposition of 1-Aryl-1-nitrosoureas 3,3-Dialkyl-1-aryl-1-nitrosoureas (1) decomposed in chloroform or carbon tetrachloride to give the triazenes (2) and the nitro compounds (3). When the trisubstituted nitrosoureas (1) decomposed to form the triazenes, the evolution of CO2 was detectable as absorption at 2320 cm-1 in the IR spectra.1) 3-Alky1-1-aryl-1-nitrosoureas (4, 5) and N-nitrosoacetanilides (8) gave mainly the (2-nitroaryl)ureas (11) and 2-nitroacetanilides (12), respectively. The formation of CO, and the corresponding triazenes (13) was not confirmed in the case of the disubstituted nitrosoureas (4, 5) .
N-Nitrosoacetanilides are known to decompose to a diazonium ion. The diazonium ion can be isolated as its acetate in carbon tetrachloride and trapped as an azo compound with 2-naphthol in sodium hydroxide solution. 13) In the decomposition of the nitrosoureas (4, 5) , the formation of a diazonium salt (15) via a diazoester intermediate (14) is predictable by analogy, as shown in Chart 2. However, no intermediates could be isolated, and the trapping of the diazonium ion by the preceding method using 2-naphthol in the alkaline solution seemed to be unsuitable in our experiment, since there is a possibility of producing the diazonium hydroxide (17) without passing through the diazonium carbamate (15) by attack of hydroxide ion on the CO group of nitrosoureas to form a tetrahedral intermediate or by abstraction of the ureido proton by hydroxide ion.4) Thus, in order to confirm the mechanism of the decomposition of the 1-aryl-1-nitrosoureas, we examined an azo coupling reaction with 3-methyl-1 -pheny1-5-pyrazolone in carbon tetrachloride. The azo coupling products (19a, b) were obtained from 3-(2-tolyl)-1-nitrosourea (5a) and 3-(4-tolyl)-1-nitrosourea (5b) in 20% and 35% yields, respectively. These results suggest the formation of the diazoester intermediate (14) in this reaction. When a chloroform solution of the nitrosoureas (4, 5) was allowed to stand at room temperature, the solution showed strong absorption at 2250 cm-1 in Chart  2 the IR spectrum. This absorption is due to the alkyl isocyanate (18), for the urea (10e) was obtained by the decomposition of 5b in the presence of 4-anisidine. There seem to be two possible pathways for the formation of the alkyl isocyanate (18) (Chart 2). However, it was not proved whether 18 was produced directly from 14 or through the other intermediate ( In the nitrosation of the ureas (10b, d) with isoamyl nitrite at room temperature, isoamyl 4-substituted phenylcarbamates (21a, b) were obtained in 24-37% yields. Further, 3-isopropyl-1-(4-substituted phenyl)-3-nitrosoureas (7b, d) gave the corresponding carbamates (21a, b) in isoamyl alcohol. The formation of the aryl isocyanates is predictable in these reactions; they would be trapped by isoamyl alcohol to give the carbamates (Chart 3). Diphenyl-N-nitrosourea gives phenyl isocyanate on refluxing in benzene.81 The chloroform solution of 1-aryl-3-isopropyl-3-nitrosoureas (7) showed a strong absorption due to the NCO group at 2260 cm-1 after standing at room temperature. These results are evidence that the disubstituted 3-nitrosoureas also decompose to the isocyanates via the diazoester intermediate.
Nitration and Isomerization
The disubstituted 1-nitrosoureas (4, 5) and the N-nitrosoacetanilides (8) afforded the corresponding 2-nitroaryl compounds (11, 12) similarly to the trisubstituted nitrosoureas (1). The nitration yields are shown in Table III . The nitrated products (12) were obtained in low yields, though the starting materials (8a, b) were destroyed rapidly in carbon tetrachloride. The nitrosoureas (4, 5) decomposed more slowly. The 4-methoxyphenyl derivatives (4e, 5e) were obtained in better yields than the 4-tolyl derivatives (4b, 5b), perhaps because of their strongly electron-releasing Me° group.
Although it is not proven, the following mechanism may be considered for the formation of the nitro compounds. The nitroso compound will probably dissociate into the nitric oxide and the arylureidyl (or arylacetaminyl) radical. The nitric oxide is oxidized by oxygen, and the generated nitrogen dioxide may combine with the arylureidyl (or arylacetaminyl) radical to give the nitro compound. It is unlikely that the C-nitroso compound is formed from the NChart 3 nitroso compound, followed by oxidation to give the nitro compound, under mild experimental conditions in the absence of a powerful oxidizing agent. We are still seeking to establish the pathway in detail. We found that the decomposition of the nitroso compounds was a competitive reaction12) with the nitration due to the N-NO bond cleavage and the formation of diazoester due to the attack of NO at the CO group. The difference of nitration between the nitrosoacetanilides and the nitrosoureas may reflect the difference of polarization of the CO group which is closely related to the formation of the diazoester intermediate (14) described in the preceding section. The nitration seems to be advantageous in the nitrosoureas, for the attack of NO at the ureido carbonyl is depressed relative to that at the amido carbonyl, and consequently the N-NO bond cleavage proceeds preferentially in the nitrosoureas as compared with the nitrosoacetanilides.
3-Alkyl-1-(2-toly1)-1-nitrosoureas (4a, 5a) are stable as compared with the corresponding 4-tolyl isomers. This may be because the phenyl-N1 bond is more twisted12) in the 2-tolyl derivatives than in the 4-tolyl isomers and the localization of the lone pair at the N1 position stabilizes the N-NO bond.
The 3-methyl-1 -nitrosoureas (4b, e) isomerized to the 3-nitrosoureas (6b, e) in carbon tetrachloride. Such a 1,3-shift of the NO group attached to the ureido group has never previously been found in nonpolar solvents, though a similar rearrangement in acids was reported.5'9) In the case of carbon tetrachloride containing a small amount of formic acid, the yields of the nitro compounds and 1,3-rearrangement products were increased (Table III) . Moreover, transnitrosation occurred from 3-isopropyl-1-(4-tolyl)-1-nitrosourea (5b) to 3-methyl-1-(4-tolypurea (12b) to give 3-methyl-1-(4-tolyl)-3-nitrosourea (6b) (Chart 4). The mechanisms of 1,3-rearrangement and transnitrosation of compounds having the N- Tables  II and  IV. 3-Alky1-1-(2-nitroarypureas (11 
